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(54) NITRIDE-BASED SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a laser beam resonator having high reproducibility 
and yields by forming a separation groove where flatness on 
a section is excellent on an AIGalnN-based crystal substrate. 
SOLUTION: In an AIGalnN-based laser wafer manufactured 
on a sapphire substrate, the substrate is irradiated with a 
pulse laser beam from the back side, and then is applied to 
an AIGalnN-based crystal section other than the laser 
resonator section of a surface for forming a separation 
groove. After that, force is applied along the separation 
groove for separating the substrate to a laser bar. In this 
manner, the surface of the resonator where flatness is 
extremely high and a reflection loss rarely exists is achieved, 
thus achieving manufacture with high reproducibility and 
yields. 
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ny^i'UlO 0 9««j8SStlS, ?LTp-G aN 
3V?^ bill 0 0 9±}Dfl3fr5 1 os^nyggo 

fgcoy y^xh^y^^tu foiffltts i o 2 

10 11 fc ^-^TSfeiiSnSo ^©^U y^h^'f 
7°43<fcrf S i Oz 1 0 1 l±lcM*fcfN i/A ufr£>£g 
5 p*@l 0 1 0, g|P£n-G aNJl 1 003tf 

»Hj-r«*Txy^-^bfc*au:w*afT i/a i *-> 

£>$LZ>nWm \ 0 1 2#«J&S**l3o *lfte^tn 
m^l 0 1 2%^«!U plil 0 10 fc«HE* W 
MQWSttU 0 0 6k^tptil 0 1 0 
6 ^nttl0 12l^ tWSA 
«tu MIHMQWrSttS 1 0 0 6rtif)tePPJ»&^u % 
mm&AA 0 0 nmfOU-f^gSiCf. MQWffi 
ttll 0 0 6CD#«t?aB5G ai-x In,N/Gai- y I 

[0 0 0 4] <l©lx— ifliUy^Xh^^OilBfclaS 



(3) 



t&ffi 2 0 0 3- 1 7 7 90 



co o o 5] u-^rco^mmm^yy^y&Mi o o 

fett7r^rAffi ( (1 1-2 0)®) Sfc«M® 

( (1-100)1) -eAtitft!), Sfe^x-y 10 

^V^lC <fc t>*S*J«*Lfc A 1 G a I n NSSsJ&OAB 
[0 0 0 6] ^TzU—mcm^-f, A 1 G a I nN^i 

^v*- h (led) zfmr&mzix&ftiefm 
xm^omm^rcummmic^mm^xtifc t> , toe* 

So 

[0 0 0 7] flfi# s A 1 G a I nN^<DS%£(j:^ 
1^77^A SiC, NGOftH^m^ng^ VT 20 

[0 0 0 8] $stil&mm£<Dj5mt bTlf#?X^^ 

ftnas^ffl^fcjawws'isija* (elo) ^nsn 
tvs. cnaisy^a^w^vsRfcfevT. sate 

[0 0 0 9] 01 1 &E LOtCj^T^/jgLfcG aNi 30 

•so<aa<?)^^se?ifc*Lfcfe©T*3. ii i 

(a) ©£?fc, £f\ it^r-YT'aSl 10 1±tM 
OVPES*2KJ:5GaNJBl 1 0 2^tSigrr5. S 
i Oz 1 1 0 3#C VD&£T*S8fUfc^ 7* bUV 
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gCbTV&Vfc&fc:, A 1 G a I nNIU-f 
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10 T i /A 1 *5i5nfg6 1 2*«Stl§. 
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T?^S„ Sfc08 (c) tc^-r<fc5fcM^.fi"< 1 - 1 0 
0>-^<l 1 -2 0>©£5fc#S©77ft©#fcfcH>T 

#j&ft*£0Wfcull*£CfctfS^"e^ S^cfcoT 
A l G a I nN^S©^VF^g*^W1f©^ 

[0 0 3 4] Sfc»taXO?a!Sft»fEHiZMBS2»< T 
[0 0 3 5] 

[fgBJ§©$&*] tLbiftBJLfc.fc^c, #£tHJ!©A 1 G a 
Jjg^tlfcA 1 x G a y I nzN (x + y+ z = 1) 

^K-iME*^bT^»^*r« c fc ici o , 

miWMBiXSh 1 G a I nN?S^BH©^*DiK:?SoT*l 

[0 0 3 6] S/fc. #f£BJ3©A 1 G a I nN36¥»#:© 
m-O^a^S^cfcn^ Kffi±fC#t/£SWcA lxG 
a y InzN (x+y+z=l) W^^m^SOJWSi 



10 

SfT * e fc K i 5 *y#W£ff 5 c * 0 „ MfBS«t 

&tf A 1 G a I nN^SO^SMfcjeH^-^T*^ 

[0 0 3 7] Site, *5gBJi©A 1 G a I n N3K¥*W*© 
Wfc<B9BBfim\c&W£. S«±fc«J»sn;fcA lxG 
aylnzN (x + y + z = 1 ) ■^BftCiBft^Rt/S® 

a«»ic»«»*»« , r*xats wisest© 
ruiea* «*5i*x u > i^—r e :- 2ot%«a» 

fc: <}; ttStJtfittBte <fc S fc ©T«&$:£ 

Jiff ©IfrfrfcttWT* S ©T\ flW«tfc«tL?t«JiaHP 
20 [0 0 3 8] Sfc, af^SWO A 1 G a I nNl^ftC 

Ga I nN^¥¥f*«?<Of^S^fi : ^2:fc{i:<fc»3. 3R? 
*«l)*r*«EfctmEA 1 G a I nN^l^Offlfc^ 
£f s*ffi#*fl£*T*, HO. a^Sr>'^^-y^^<D 

[0W©ffim*mB^] 

[01] A 1 G a I n N3S3R?«B6*Jgjabfta«i±fc: 
[0 2] (a) /VI/XU— re-ABg^C^S^KPJg 

(b) ^;vxp-ife-z,Bg*ft < fcs^«^<Dxa 
0 

[0 3] (a) /^V^W^e-AjfaWfciSiMKWg 
figcDXg0 

( b ) / if- AMiiffc <fc S^MKW^jaoxs 
0 

40 (c) ;WXls-i?\£-L.m.Mfc&5ftmffi}&m<DTm 

0 

[0 4] / 1^— tr-XsMWfc <fc 5«*L*«?W 
Sff0 

[05] (a) ^©X^^-YtfV^StCfcO^bfc 
«?»fE0 

(b) $*©x ^ ^-i- tr v^sfc <fc o mm,vr^mmm 

[06] ^BeCT'a-trX^LfcA 1 G a I nNSI 
so [07] (a)»aia5t7r^7lfi±AlGa 



(7) 
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11 



12 



(b) #^\C&tt7T<<TW8±K IGalnNI 

(to *^fcj:s»E±^oiiax7<*—v**'rH 

(c) £ s»ffi±-\okix^ ^ - is&mTm 

[0 9] *«Mte**iDXaS*fflV^fcA IGaInN 

[010] «^a§*Ilfi^ffl^fcA 1 G a I n 10 
N**?»fBH 

[011] (a) ^Ccfc^X^SKffl^fcGa 
(b) «»afcJ:*iinaMR*ffl^ftG aN^rH<Q«3i 



1 A 1 G a I nN*U— *f«Btf«SS»9x/N 

3 A 1 G a I nN*Wf;^ 

4 A 1 G a I nN*l^1«aHSfflH*» 

2 1 A 1 G a I nNRU-ifWBft 
2 2 V7 7^7»K 

2 3 #MR 

2 4 ifif—ASW 

2 5 3MHR 

3 1 A 1 G a I n N^P— *f«Sg 
3 2 ^7 7^711 

3 3 ^;VX I— If iOHW 

3 4 ^giP 

3 5 if tr— i^mst 

3 6 »ffift 

4 1 A 1 G a I nNJRV— IfKflWH 
4 2 ^77^7Cffl 

4 3 t7 7^7MS 

si v-yr^rum 

5 2 A 1 G a I n N3K Wif*8JIMffi 
5 3 A 1 G a I nN?Slx— IfSSftA® 
5 4 tf^r-YT'X® 

5 5 A 1 G a I nNftls-VffiffimRV^ 

5 6 f?4T^Yj3v*~?tm^rz.fttm 

5 8 u-^mmm^ 

7 1 t7 7^7Ifi 

7 2 A 1 G a I n N3RU— if*Bl 

7 3 ^&tfjE#tf**^«« 

7 4 te-^gp 

7 5 A 1 G a I n N^£ WifflBfi 

7 6 

8 1 1^77^711 
8 2 SiPX 
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8 3 ^^r-fT 7 

8 4 SfctoX 
8 5 9*77^7 

8 6 jfttaX 

60 1 ^77^71i 

6 0 2 /^7 7l 

603 n-AlGaNi 

60 4 n-AlGaN^7yFI 

6 0 5 n-GaN»VFI 

6 0 6 Gain N/G aN-MQWgtti 

6 0 7 p-GaNW^Fl 

6 0 8 p — A 1 GaN^7y KJS 

6 0 9 p-G aNav^hJB 

6 1 0 pig 

6 11 S i O2 

6 1 2 nfi 

90 1 ^77^71$ 

9 0 2 fflRR 

9 0 3 u — G aNl 

90 4 n-GaNl 

905 n-AlGaN^77FI 

9 0 6 n-GaNW KB 

9 0 7 JSttB 

9 0 8 p-A 1 GaN/G aNfi^t^yi 

9 0 9 p-GaNWFI 

9 1 0 p-A 1 GaN/G aN@i^7^ Fjf 

911 p-G a N^r:n>^^ bil 

9 1 2 p~GaNI-3^^M 

9 1 3 pWM 

9 14 S i O2 
9 1 5 nit 

10 0 1 t7 7^7SS 

1002 /*y?yM 

1 0 0 3 n-A 1 G aNl 

1 0 0 4 n-A 1 G aN^7y Kil 

1 0 0 5 n-GaNWFI 

1 0 0 6 Gal n N/G a N-MQWiSttI 

1 0 0 7 p-GaNWFI 

1008 p-AlGaN^7^FI 

1 0 0 9 p-GaNnV^h/f 

10 10 pM® 

10 11 S i O2 

10 12 nltS 

110 1 ^7 7^711 

110 2 G a N 

110 3 S i O2 

110 4 G a N/1 

110 5 (Hft©4>&vMWrt 
110 6 «ffi©^«W 
1107 t)"7 7^71fi 
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#112 0 0 3-1 7 7 9 0 
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110 8 G a N 
110 9 £RR 



1110 (EfflO^air^ 

1111 fe^O^l 



[01] 

2 Lz-iftr-Aes^^mataxa 




1 AlGaInN^U-tf»^»^OXA 



4 AlGaInN*L/— Sf^lSBMf*** 
3 AlGaInN*U-+T/C- 



c a) 



[■2] 

21 AlGaInN*l/-tra5fi 




P 7 ; 




22 VDvjyWtiL 



23 #*t>* 



(b) 



24 KJUXl/ 




25 *Kft 



c a) 



[03] . 

34 31 AlGalnW^b— !m* 




34 #H£5* 



tf^7-<7a6fe 32 



(b) 35 KJb^Ly-iffcr-AJH* 3G 



(C > 
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2003-1 7790 



[0 4] 



M51 



^7^7^ 42 



41 AlGalnN* 



(a) 




43 -3\7:p-r7MiS 



52 AlGalnN^U-ifteftM® 



54 



#:7W7MBf 51 




53 AIGalnN^ 



(b) 



56 ^Y**vi*:fcy*-ffmi>£#iei» 
7 #«^fcfta>Otf§Jn k « 



55 AIGalnN^ 



k 58 L/-9£«HM**- 
57 AlGalnN&L/ — tf/t — 




Si 02 Gil 



[06] 

p^Sb 610 609 P-GaNu^SCNtf 

^^ '^.606 P-AlGaN>7^5> K« 



[08] 




607 P-GaNife^<K* 

} 606 GalnN/GalnN-MQWSHM 
*605 n-GaNfttf-f 

604 n-AlGaN93* h** 
603 n-AtGaN« 
602 nt>Jrm 



(a) 



(b) 



601 t?7^f7W 




8 2 



83 It^T-f^aMR 



8 4 awnx 



(c) 




85 u-^T-ryafciR 



8 6 fctax 
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[07] ' C01 0] 




/ 74 VJyfy&GL 

7G ^Bft 



EH9] 



P«tt 913 



SX02 914 




912 P-GaN^~-31/5»^h/i 

911 P-GaN3fiziD:j?£7h» 
910 P-A lGaN/GaN*a*^7 5 * KJf 
909 P-GaNifctfY Ml 

9G8 P-AlGaN/GaN3&fe^*-r*:r* 

907 ymm 

906 n-GaN*;tf 
905 n-AlGaN35* Kfl 
— -904 n-GaN® 
■— 903 u-GaN* 



901 *r?y>(?^ 



902 £|Et 



(11) 



18ffi2 0 0 3-1 7 7 9 0 



imi it 

(a) 



1 1 06 «&<D*UW* 
1103SiO2 / 1105«MMMtH«* 



, „ hP - , 1102 GaN 

1 1 04 GaN* \ 



Cb) 

mo stt0^t>m 



/ 1108 6aN« 



M l !'.LiJ: ! -LLi^ i m , !lij^m^ i ii i 1JJ , ! -B 



f 



1 1 09 SBt 
1107 VrZ>y<{7>mtiL 
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fiSlflaKdttrt 5F073 CA17 CB05 DA31 DA34 



